The PEP beam-transport system was designed to transmit 4-to-15 
Summary
The PEP beam-transport system was designed to transmit 4-to-15 GeV electron and positron beams from the SLAC linac within a i 0.8 percent momentum band, to have flexible tuning of the betatron and offmomentum functions for matching into the PEP storage ring, and to have convenient operating characteristics. The transport lines were brought into operation quickly and have operated well. Electron injection has been consistent and efficient and relatively easy to accomplish. Positron injection also has been satisfactory but is variable and more sensitive to ring conditions.
The Beam-Transport System
The PEP beam-transport and injection systeml,2,3 has two beam-transport lines, which conduct the electron and positron beams from the Stanford two-mile linear accelerator to the two injection regions in the PEP ring. Each injection region has a system of "bump" and "kicker" magnets that launches the beam onto a suitable orbit within the vacuum chamber of the ring. The arrangement of the transport line, the optical properties, the instrumentation, and the control elements are schematically shown in Fig. 1 The interquad spacing is 8.50 meters up to Q17 and 9.14 meters thereafter. The total length of each transport line, from the pulsed switching magnets to the Lambertson septum magnet is 224 meters.
Transverse and Longitudinal Phase-Space Matching
The achromatic region that includes Q6 through Q10 was provided so that these five quadrupoles could be used to match the beam emittance to the acceptance of a range of ring lattices without affecting the dispersion properties of the transport line. Computer modeling showed that a satisfactory match into all of the anticipated ring lattices can be made with this arrangement. This matching of the transverse phase space was expected to be useful principally for the positron beam, whose emittance is relatively large. However, matching can benefit the electron line as well in that it allows good injection efficiency over a wider range of steering conditions in the linac and in the line.
Independent matching of the magnitude and slope of the horizontal dispersion function also is possible in the transport line. The launch point was chosen to be a point where the dispersion function n of the ring was approximately zero for all of the lattices under consideration. However, the slope n' at this point was finite for several of the lattices and thus required matching, at least for the positron beam, whose momentum width is + 0.3 percent or more.
Although not required for electron injection, nr-matching benefits it as well in that it allows good efficiency over a wider range of energy settings in the linac. Matching of the slope of the horizontal dispersion function can be accomplished by simultaneous tuning of Q13 and Q17. Q13 is in a high dispersion region and thus it can produce momentum-dependent steering. Since it is 3x/2 upstream from the launch 0018-9499/81/0600-3059$00.75© 1981 IEEE point, it affects n' but not n at that point. Q17 is at point of zero dispersion x/2 downstream from Q13 and thus can compensate the change in transverse phase space produced by Q13 without affecting the dispersion function. The required excitation change in Q17 is equal and opposite to that of Q13. In this way, n'-matching can be accomplished without affecting the transverse phase space.
Matching from the Linac to the Transport Line
The focusing of the beams in the two-mile linac is achieved by doublet quadrupole magnets at 100-meter intervals, and normally the betatron functions vary between 36 and 163 meters. In order to match the transport lattice, whose betatron functions vary between 5.0 and 30 meters, three pulsed quadrupole magnets (PQl, PQ2, and PQ3 in Figure 1) pulse to be injected without harm to the preceding pulse. The phase-space situation is illustrated in Figure 2 .
The amplitude and angle of the launch trajectory are controlled by beam "bumps" -i.e., local distortions of the closed orbit. See Figure 3 . A fast bump, produced by a set of three kicker magnets, serves to pull the injection orbit away from the septa before the injected pulse makes one revolution of the storage ring. The kicker pulse rises and falls within about two-thirds of a revolution, so that only one of the three bunches of each stored beam is appreciably affected. The three kicker magnets are electrically connected in series, so that the quality of the bump cannot be inadvertently affected by changes in kicker excitation. Satisfactory positron injection has been harder to achieve. Positron filling rates up to 4 milliamperes per minute have been observed, and a rate of 1 to 2 milliamperes per minute can usually be obtained.
Positron injection efficiencies up to 70 percent have been recorded, and typically 20 to 40 percent is observed. Positron injection tends to be variable and sensitive to small changes in ring conditions. One possible reason for the greater difficulty with the injection of positrons is the greater energy spread in the incident positron beam coupled with the spurious horizontal and vertical dispersion observed in the ring. This hypothesis has not been adequately tested. 
